Long-term patient adherence to osteoporosis treatment is poor despite proven efficacy. In this study, we aimed to assess the impact of active patient training on treatment compliance and persistence in patients with postmenopausal osteoporosis. In the present national, multicenter, randomized controlled study, postmenopausal osteoporosis patients (45-75 years) who were on weekly bisphosphonate treatment were randomized to active training (AT) and passive training (PT) groups and followed-up by 4 visits after the initial visit at 3 months interval during 12 months of the treatment. Both groups received a bisphosphonate usage guide and osteoporosis training booklets. Additionally, AT group received four phone calls (at 2 nd , 5 th , 8 th , and 11 th months) and participated to four interactive social/training meetings held in groups of 10 patients (at 3 rd , 6 th , 9 th , and 12 th months). The primary evaluation criteria were self-reported persistence and compliance to the treatment and the secondary evaluation criteria was quality life of the patients assessed by 41-item Quality of Life European Foundation for Osteoporosis (QUALEFFO-41) questionnaire.. Of 448 patients (mean age 62.4±7.7 years), 226 were randomized to AT group and 222 were randomized to PT group. Among the study visits, the most common reason for not receiving treatment regularly was forgetfulness (54.9% for visit 2, 44.3% for visit 3, 51.6% for visit 4, and 43.8% for visit 5), the majority of the patients always used their drugs regularly on recommended days and dosages (63.8% for visit 2, 60.9% for visit 3, 72.1% for visit 4, and 70.8% for visit 5), and most of the patients were highly satisfied with the treatment (63.4% for visit 2, 68.9% for visit 3, 72.4% for visit 4, and 65.2% for visit 5) and wanted to continue to the treatment (96.5% for visit 2, 96.5% for visit 3, 96.9% for visit 4, and 94.4% for visit 5). QUALEFFO scores of the patients in visit 1 significantly improved in visit 5 (37.7±25.4 vs. 34.0±14.6, p<0
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Introduction
Osteoporosis is a highly prevalent disease characterized by low bone mass and decreased bone quality leading to bone fragility and increased risk of fractures 1 . Osteoporosis is defined by the World Health Organization (WHO) as a bone mineral density of 2.5 standard deviations or more below the mean peak bone mass (average of young, healthy adults) as measured by dual-energy X-ray absorptiometry. 2 About 30% of postmenopausal women in the United States and Europe are estimated to have osteoporosis 3 . A recent report revealed that osteoporosis and hip fracture were prevalent in Turkey as well. The lifetime probability of sustaining a hip fracture at the age of 50 years was 15% in women. 4 Osteoporosis is mostly an asymptomatic disease until an individual experiences a fracture. In particular, osteoporotic hip or vertebral fractures, increase morbidity and mortality, affect quality of life of the individual and pose an economic burden on the community. [5] [6] [7] Clinical trials have shown that osteoporosis treatment by oral bisphosphonates such as alendronate and risedronate is quite effective, increasing bone mass and preventing vertebral fractures [8] [9] [10] [11] .
As with all chronic diseases osteoporosis treatment success relies on patient adherence. Two aspects of patient adherence, compliance (receiving treatment as per the instructions of the physician at regular intervals and dosages) and persistence of treatment (continuing to receive treatment over the long-term) are key factors in treatment success. However, osteoporosis treatments are often hampered by low adherence of the patients due to a number of reasons including poor communication between patient and physician, lack of motivation and non belief in fracture risk, among others. A review of results from 14 large databases concluded that adherence to bisphosphonate treatment is suboptimal with one-year persistence rates ranging from 17.9% to 78%, and compliance assessed by medication possession ratio ranging from 0.59 to 0.81 12 . Interventions to increase patients' knowledge, involve patients in medical decision making, and motivate patients to continue treatment may help improve adherence to osteoporosis medications [13] [14] [15] .
In this national, multicenter randomized controlled study, we aimed to assess the impact of active training on treatment compliance and persistence in patients with postmenopausal osteoporosis receiving weekly bisphosphonate treatment over the course of 12 months.
Materials and methods

Study design and patient population
The present study was planned as a national, multi-center, randomized controlled study in Turkey. Women who aged between 45 and 75 years, had a diagnosis of postmenopausal osteoporosis according to WHO criteria, and had a clinical presentation appropriate for osteoporosis treatment with weekly oral bisphosphonates (alendronate 70 mg, risedronate 35 mg) based on the investigator's clinical judgment were included. However, women who had a secondary osteoporosis and were under osteoporosis treatment such as SERM, HRT, calcitonin, strontium ranelate, and any bisphosphonates were excluded.
Due to non-interventional nature of the study, the treatment and follow-up procedures were left to the discretion of the physician, considering the fact that bisphosphonates are the first line choice in the treatment of postmenopausal osteoporosis in Turkey. The investigators were only asked to collect the study data in accordance with the principles of Good Epidemiological Practice.
The study was approved by both the Local Ethics Committee of Marmara University Faculty of Medicine and the Ethics Committee of Ministry of Health before initiation of the study and the signed informed consent was obtained from all patients. Verbal consent was also obtained for illiterate patients. Additionally, it was asked some help from their relatives for patients' training and study procedures.
Patients were randomized into two groups as active training (AT) group and passive training (PT) group. Randomization was performed centrally by means of 20-patient block design. Stratification was performed according to predefined patient characteristics.
Patients' training and study procedures
Patients were followed-up by 4 visits after the initial visit at 3 months interval during 12 months of the treatment.. Patients in both groups were given a "Starter Training Kit" including bisphosphonate usage guide and osteoporosis training booklets (e.g. Osteoporosis in General, Osteoporosis and Exercise, Osteoporosis and Nutrition, Osteoporosis and Patient Rights). The AT group was additionally trained through a standard training package including four telephone calls (on 2nd, 5th, 8th, and 11th months of treatment) and four interactive /educational meetings (on 3rd, 6th, 9th, and 12th months of treatment) held in groups of ten patients. During the telephone calls, patients were reminded to read the booklets, in-formed of the topic to be covered in the next educational meeting and invited to the meeting. The topics of the four educational meetings were: Osteoporosis in General, Osteoporosis and Exercise, Osteoporosis and Nutrition, Osteoporosis and Patient Rights. A certificate was given to the patients who attended all four of the educational meetings.
An "Osteoporosis Awareness Test" was given twice to all of study patients during the first (0-1st month of treatment) and fifth (12th month of treatment) study visits.
Adverse events, spontaneously reported by the patient and/or noted by the investigator, were recorded throughout the study.
Evaluation criteria
The primary evaluation criteria were treatment compliance and persistency based on the information given to the investigator by the patient. The secondary evaluation criteria were vertebral and non-vertebral fractures, adverse events, and quality of life. Quality of life of the patients was evaluated by 41-item Quality of Life European Foundation for Osteoporosis (QUALEFFO-41) questionnaire. The QUALEFFO-41 is a quality-of-life questionnaire especially developed for measuring quality of life in patients with vertebral deformities 16 . It consists of 41 questions arranged in five domains: pain, physical function, social function, general health perception, and mental function. The Turkish version of QUALEFFO was reported to be reliable and valid in the evaluation of patients with osteoporosis 17 .
Statistical analysis
Data of the study were analyzed using STATA-10 Software. All statistical analyses were performed at the 5% significance level using 2-sided tests. The quantitative variables were expressed as mean±standard deviation, median, minimum, and maximum. The qualitative variables were expressed as the number of non-missing data, counts, and percentages. Any missing data or unknown responses were counted in the percentages. For comparison of continuous variables, student-t test and ANOVA were used for parametric variables) and Mann Whitney-U and Kruskal Wallis tests were used for non-parametric variables. 
Results
Study population
A total of 448 female patients (mean age 62.4±7.7 years) treated with weekly bisphosphonates (alendronate, risedronate) for postmenopausal osteoporosis were included in the study. Of these patients, 226 (50.5%) were randomized to the AT group and 222 (49.5%) to the PT group; 305 patients (155 from AT group and 150 from PT group) completed the study. There was no statistically significant difference between AT and PT groups in study visit attendance (p>0.05). The actual attendance of the groups to the study visits is demonstrated in Fig 1. Among 448 study patients, 238 (53.1%) were graduated from elementary school and 92 (20.5%) were illiterate. Of the patients, 274 (61.7%) had any concomitant chronic diseases, 198 (44.6%) had hypertension, 98 (22.1%) had hyperlipidemia, and 45 (10.1%) had diabetes mellitus ( Table 1 ). The baseline T scores are also presented in Table 1 . 
Osteoporosis Awareness Questionnaire
In total, 444 patients at visit 1 and 299 patients at visit 2 answered the Osteoporosis Awareness Questionnaire. According to the questionnaire, the major reason for applying to an osteoporosis clinic was pain, which was detected in 254 patients (57.2%). Nearly half of the patients (n=219, 49.3%) mentioned that they received information on osteoporosis from Physical Therapy and Rehabilitation Specialists.
The Osteoporosis Awareness Questionnaire questions on the definition, reasons for, outcomes, treatments and risk assessment, were answered correctly by 29-48% of patients at visit 1 and by 39-50% at visit 5. This increase was statistically significant for the definition and treatment of osteoporosis in both AT and PT groups, and for reasons for osteoporosis in AT group (Table 2) .
Treatment compliance and persistence
During visit 1, 238 (53.2%) patients, 125 in AT group and 113 in PT group, were receiving alendronate; while 209 (46.8%) patients, 101 in AT group and 108 in PT group, were receiving risedronate. There were no significant differences between AT and PT groups among the visits regarding the rates of patients who received bisphosphonate treatment, who received bisphosphonate treatment at the exact day, who did not receive bisphosphonate treatment at the exact day, and who did not complete the specified bisphosphonate dosage (Table 3) .
There were no significant differences in terms of treatment compliance between the state and university hospital settings (Table 4) . The most common reason for not receiving treatment regularly was forgetfulness among the study visits (54.9% for visit 2, 44.3% for visit 3, 51.6% for visit 4, and 43.8% for visit 5). The majority of the patients always used their drugs regularly on recommended days and dosages (63.8% for visit 2, 60.9% for visit 3, 72.1% for visit 4, and 70.8% for visit 5). Most of the study patients were highly satisfied with the treatment (63.4% for visit 2, 68.9% for visit 3, 72.4% for visit 4, and 65.2% for visit 5) and wanted to continue to the treatment (96.5% for visit 2, 96.5% for visit 3, 96.9% for visit 4, and 94.4% for visit 5) ( Table 5 ).
Quality of Life Assessment
There was a significant difference between the QUALEFFO scores of all patients in visit 1 and visit 5 (37.7±25.4 vs. 34.0±14.6, p<0.001); however, no significant difference was found between the QUALEFFO scores of the AT and PT groups both in visit 1 and visit 5 (Table 6 ).
Safety
During the study, 10 fractures (6 in AT group and 4 in PT group) and 6 adverse events (4 in AT group and 2 in PT group) of which one of them was serious were reported. No significant difference was observed between the study groups in terms of either vertebral or non-vertebral fractures.
Discussion
This national multicenter observational study on postmenopausal osteoporotic women found no difference between active training and passive training in terms of persistence and compliance to weekly bisphosphonate treatments. The osteoporosis awareness test conducted at baseline and at 12 months consisted of basic questions on osteoporosis and a similar improvement in knowledge was detected in both groups. In patient surveys the main reason for missing a dose was stated as forgetfulness. Most patients persistent through 12 months of treatment thought that the medication was effective, safe and well tolerated and their overall treatment satisfaction was high or very high. Furthermore, a majority of persistent patients showed an interest in continuing the weekly bisphosphonate treatment. QUALEFFO scores improved similarly in both groups, emphasizing that treatment was perceived as beneficial by patients persistent with their treatment at 12 months. However, QUALEFFO may be due to the fact that 57% of the patients presented with pain and pain due to fracture tend to diminish over time even in the absence of treatment.
A variety of interventions were tested in randomized trials as possible ways of improving adherence to osteoporosis treatment. In a study based in Denmark, patient education by a multidisciplinary team in small groups over 4 weeks significantly improved adherence to osteoporosis therapy, compared to no education group 18 . However, adherence rate was reported to be exceedingly higher than average for both groups: 92% for school group and 80% for control group, two years after initiation of therapy 18 . Thus far, this Danish study is the only example of patient education improving long-term adherence in osteoporosis treatment. Educational interventions were successful in increasing treatment adherence for other chronic conditions such as diabetes and cardiovascular disease 19 , but there is more incentive to adhere to treatment in these diseases as the patient has symptoms. Factors such as education level, socioeconomic status or cultural differences may also contribute to patients' receptiveness of health-related information/training provided by health care professionals 19 . In the present study, trainings had no impact on treatment compliance and persistence as there were no significant differences between the AT and PT groups regarding the receiving or not receiving treatment at the exact day and not completing the treatment dosage.
Another education-related intervention involved face-to-face training of primary care physicians by trained pharmacists, while automated phone calls and letters were used to inform their patients 20 . Although this approach increased the number of patients starting on osteoporosis medication, adherence was not significantly different than the control group (PCPs and patients not receiving education) after 10 months of follow-up 19 . Similarly, handing out an educational leaflet about osteoporosis at the start of treatment versus regular practice did not improve adherence to therapy 21 .
Since osteoporosis is an asymptomatic disease and bone mass densitometry is generally repeated only 2 years after initiation of treatment, patients do not get immediate feedback. A randomized study investigated the impact of physician reinforcement using bone turnover markers (BTM) on persistence with risedronate treatment 22 . Although both patients receiving and not receiving reinforcement had high persistence rates, patients with good BTM response had significantly increased persistence. However, patients with similar and poor BTM responses had similar and worse persistence as compared to patients receiving no reinforcement. 22 However, good responses in biochemical markers could be the result of better persistence rather than its cause.
In another study, Clowes et al. showed improved adherence with raloxifene use when a nurse monitoring system was implemented 23 . However, in the same study sharing BTM response information with the patient did not improve adherence beyond nurse-monitoring 23 . Clowes at al. described nurse monitoring as attention to patient by a health care professional at 3-monthly visits by means of questions related to patient well-being, medication problems and adverse events. In that sense our study has also implemented a form of monitoring to both active and passive training groups, and this may have influenced the adherence rates, perhaps even masking the effect of education on adherence.
Bisphosphonate usage presents certain inconveniences since it has to be taken with a full glass of water after an overnight fast, no food or drink should be consumed and the patient should remain upright for the following half hour. Thus, one way of improving adherence may be to decrease dose frequency. In a UK study comparing weekly and monthly bisphosphonate preparations, adherence was significantly improved in patients allocated to monthly ibandronate plus a patient support program where phone calls reminded patients of their upcoming dose and stressed the importance of adherence to therapy 24 . Such reminders become important in less frequent dosing options as it is easier to forget about the medication altogether. Availability of quarterly or yearly intravenous bisphosphonate formulations may also improve adherence in selected patient populations 25 .
The present study had some limitations. Due to the observational nature of the study no strict monitoring devices were used to determine the compliance of the patient. Instead we relied on voluntary patient information to determine if the medications were taken on a timely manner, at recommended dosages, per physicians' instructions. Some patients may feel embarrassed to admit that they missed some doses or did not follow instructions. In addition, follow-up visits every 3 months is unlikely to reflect real-life practices and may have influenced patients to be more adherent to treatment during the study period.
In conclusion, an active training program consisting of small group meetings every 3 months and reminder phone calls did not improve persistence and compliance for bisphosphonate treatment.
